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Conditions Governing Selection of Plant := 


Three 220 b.hop. engine units direct-connected to 150 K.¥. 
250 volt D.C. generators. Factory load of 10 hours per day, 310 
days per year, average load 300 K.W. Anthracite coal $5.00 and 
bituminous coal #3,00 per son of 2000 b> dilivercd at” plant. 
Water at one cent per 10000 lb. Cost of land not considered, 


There are four principal types of prime movers available 
for powers of 200 behep. and over. They are the reciprocating 
steam engine, the gas engine, the steam turbine and the hydro- 
turbine. In a few years it may be possible to add the gas turbine 
to the list but it is not yet on the market. 

For the present treatment of the subject of theselection 
of prime movers we will consider only the reciprocating steam 
engine, the steam turbine and the gas engine using producer 
gas, because only in a few favored localities are water=power, 
natural gas or blastefurnace gas available. 

In determining which form of prime mover to adopt for 
any given power instzllation the main consideration is 
reliability combined with low operating expense. This operating 
expense is not merely the cost of coal, water, wages etc. but 


includes the fixed charges on the plant such as interest on 
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initial investment, taxes, insurance and depreciation. 


Thus we gee that the selection of type of plant 
depends upon many different factors, most of which are 
antagonistic, so that our design is largely a series of 
compromises the ultimate aim of which is to get a horse=power 
hour as cheaply as possible consistant with reliability of 
service. 

Furtheremore these factors vary greatly within 
themselves, depending to a large extent upon local conditions 
so that we can not select ane type of plant for any particular 
service and call it a standard through-out the country, but 
for any given installation we must investigate all the 
available types of plants with reference to the particular 
conditions invalved, in order to make a suitable selection. 

Thus when coal is cheap it is folly to install, at heavy 

expense, @ highly effecient steam plant because the increase 

in the fixed charges would more than offset the gain in fuel 
economy. However it is not strictly true that the fixed charges 
increase in a direct proportion as the efficiency of the 

prime movers is increased, because the lower steam consumption 
obtained decreases the boiler, feed-pumps, and coal conveyer 
capacity necessary and algo the size of the boiler house 


required, but this advantage is offset because the more efficient 
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engines, demanding higher steam pressure, necessitate a more 
expensive type of boiler and heavier steam piping. 

Thus we see thatthe factors entering into the 
determination of the most desirable type of plant for a given 
service in a given location bear a very complex relation to 
each other and for this reason the most satisfactory method 
of selecting a plant for any given set of conditions is to 
carefully estimate the fixed charges and running expense of 
all the types of plants that will fill the conditions and 
select the one withthe smallest operating expense provided 
it also has the required reliability. This is the method I 
have followed and my results have been placed in tabular form 
and are bound with this paper. 

In table number will be found the estimated initial 
cost of five types of reciprocating steam engine plants, and 
two types of steam turbine plants of about the required capacity. 

This table represents a sort of general average taken from all 
the data obtainable. 

Table number Ill is a complete estimate for the 
installation of an equivalent gas engine and producer station. 

For steam plants it is not a difficult matter to get definite 
data on the various parts that make up the complete plant 
because of the large volume of published material on the 
subject but with gas engine plants next to nothing has ever 
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been published as to costs of the various parts that make up 
the plant nor have I ever been able to find any complete data 
compiled in such a way that for a given plant capacity we 
could make a direct comarison between the engines and producer 
equipment furnished by the various manufacturers. 
To supply this deficiency I have written directly to 
all the manufacturers of large gas engines and producers for 
definate data on their products and the results of my 
correspondence is tabulated in tables number I and IL. 

The following firms could not furnish appratus of 


the size reauired ;: 


Otto Gas Engine Works, ‘ Philadelphia, Pa. 
Maximum size of engine 140 bohep. single cylinder. 


DuBois Iron Works, ' ‘DuBois, Pa. 
Maximum size of engine 150 h.p. 


Jacobson Machine M*f'g*®. Co. Warren Pa. 
Maximum size of engine 55 hepe 


Miller Improved Engine Co. Springfield, Ohio. 
Engines for natural gas only. 


Wellman - Seaver - Morgan Co. 
No gas producers large enough. 


Allis = Chalmers Co. ae Wis. 
Smallest size gas engine 450 bohep. 


Wile Power Gas Co. Rochester, N.Y. ‘ 
Sent blue-prints of engine & producer put no data. 


I was unable to get any word from the following firms 


Westinghouse Machine Co. Pittsburg, Pa. 
Pressure gas producers. @ 
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J.Thompson & Sons, Beloit, Wis. 
Builders of gas engines and producers. 


Weber Gas Engine Co. Kansas City, Mo. 
Builders of gas engines and producers. 


It should be distinctly understood however that the 
ante given in tables I and ILare only the manufacturers 
estimates and that they are not to be taken as the lowest 
figure for which it is possible to purchase the apparatus. 

It is next to impossible to exactly determine the lowest 
figure for which such apparatus can be bought unless one is 
actually negotiating for the pmrchase of anengine or 
producer but some idea of the discount obtainable can be had 
by comparing the results as given in tables I and]{ with the 
figures used by a prominent firm of consulting engineers 
in estimating such work. 
| I have an unpublished estimate for a gas power 
station, with 200 bekep. units, made by Louis Immer & Co. 
(Gas engine experts of Cincinnatti Ohio) and in their 
estimate they place the cost of gas engines at $35.00 per 
behep.e and the complete cost of gas producer using bituminous 
coal at $20.00 per engine b-h,v, This I have every reason to 
beadevs is very near the actual cost for tais size of units. 

3 In order to get as near as possible to the actual 


cost of the engines and producers given in tables—T andIt I 
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established a sort of factor by dividing $35.00 by the average 
cost per beh.p. of the engines as given in tables . A similar 
factor was also obtained for the products. 

Tables ¥ aad shows the calculated operating 
expense per year for each of the types of stations investigated. 

The results of these tables show clearly that the gas engine 
plant notwithstanding its higher initial cost can be operated 
at a lower cost per year than any of the steam plants and 
therefore this type of plant should be selected providing it 
can be shown to be thorougniy reliable. 

No one thinks of questioning the reliability of the 
reciprocating steam engine and within the last few years the 
steam turbine has proved itself thoroughly reliable but there 
has always been more or less doubt in the minds of the laity 
reguarding ths reliability of the gas engine. This is probably 
due to the fact that the large gas engine is of very recent 
origen and it is only within the last two or three years that 
its design has been brought to the refinement obtained in the 
steam engine practice. The early gas engines of large power 
was used on blast furnace gas and as they had not yet perfected 
a@ reliable means of removing the dust and as the old system of 
tube ignition was faulty, the engine did not prove very reliable 
and although the engine has now entirely outgrown these faults 
still many people continue to think of the gas engine as being 
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unreliable. As now designed the large gas engine and producer 


plant is equally as reliable as the steam engine and boiler 
plant as I will cite a few examples to show. 

Philadelphia has a high pressure pumping station of 
2400 horse=power, entirely operated by gas engines and the 
fire-undorwriters have approved the installation and reduced 
the charges on insurance 25 cents per #100. A 300 beh>p, 
Vestinghouse gas engine similar to those used at the 
1 har ea station has shown the following remarkable run 


under heavy load, 


Total elapsed time ....,....5+-0.+25,. S472 hours. 

Hours run eoesvrvevoeoe 2027p? oF PDRPRTHRTRF PR FTR TMD OD 8230 rt 
oe Ui orev np ovoea Doves evT FR HF CHK FHF THOS Fe ® 97% 

Hours shut down (chargable to engine) 51 hours. 
we oe Un e@ornevee?F7H D9 7H FHTHK FH THB DD 0.6% 

Run without stopping de bie Beale ele selene SOW hours. 
ff ied " (24 hour days),, 48 as.,5 hrs. 


Shut-down necessary to repair broken belt. 


In a 500 hed. pumping station a short distance a 
from Pittsburg each gas engine unit operates 96 to 98% of the 
@lapsed time being shut down only for a few hours on Sundays 


for inspection. 
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A 650 hep. Westinghouse gas engine driving a gas 


‘conpressor in the Ohio Gas Fields has a record of 40 days 


(24 hr.) continous run under full load without mishap or 


deterioration. 


Unusually severe conditions surround the Warren 


and Jamestown Street Railway system of 42 miles of road, 


“half city and half interurban. A gas engine plant of two 


500 hop, units is operating this entire service without 


‘steam reserve. The following summary regarding this plant 


is made by Mr.J.R,Bibbins, in a paper presented before the 


"Engineers Society of Western Pennsylvania" June 5, 1906. 


4. 


2 
6. 
1. 
8, 


It has the ability to handle variable loads. 
Effeot of misfires negligible. 

Regulation suitable for alternating current in 
parallel operation. 

Automatio starting system sufficient for any 
emergency, unit can be started in less than 30 sec. 
Oil and water consumption low. 

Sufficient reliability for regular daily service. 
Deterioation from wear quite normal. 

General character of labor required is not above 


the ordinary. 


The Boston Elevated Railway Co. has experimented 
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with gas power for supplying its outlying districts. For this 
purpose they puilt two stations of about 1700 h.v, each. One 
of them is equiped with Taylor pressure gas producers and 
Korting two-cycle gas engines, while the other has Loomis- 
Pettebone downedraft producers and American Crossley gas 
engines, The first mentioned plant is not yet in commercial 
demrios but other plant has been in daily operation for a 
considerable length of time and it has given good results. 
As the company operates both steam and gas engine plants 
they are in a favorable position to make a comparison 
between the two types of prime movers. 
In a paper read before the Street and Interurban 

Railway Association, Mr.Windsor, chief engineer of motive, 
power, of Boston "L" says : "On June 10, 1906, a 30 day test 
was begun, the conditions being 16 hrs. per day and 10% load 
factor. Average Pocahontas coal was used at the rate of 

1.31 pounds per K.W. hourfor all purposes? The engines can 
be started in thirty to sixty seconds and Mr.Windser states 
that for commercial use the fuel consumption is about one 
half that of a similar steam plant being 1.5 to 1.75 pounds 
per K.W, hour against 3 to 4 pounds with steam. The gas 
producing portion of such a plant is simpler, and easierto 
operate and holds its efficiency better than a steam plant. 
The gas plant can be put into service in 15 to 20 minutes 
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against 1 to 1% hours with steam plant. Twice a week it takes. 
three hours to remove the ashes but this is no more difficult 
than the work required around a steam boiler plant. 

The water required is considerably less for a gas 
plant than for a condensing steam plant and considerably more 
than for a nonecondensing steam plant. 

At the government fuel testing station, St.Loues 
(removed to:Jamestown since March, 1907) are installed a 
235 behop.three cylinder vertical Westinghouse gas engine 
and two independent pressures gas producers manufactured by 
R.D.Wood & Co., of Philadelphia, This plant is povided with 
scrubers and a rotary tar extractor but the apparatus for 
removing the pulaaen nes not been used because it was found 
that the sulphur in the gas did no harm to the engine so long 


as water is not injected into the exhaust. 162 tests of about 


30 hours each have been made with this plant and it has proved 
thoroughly reliable. The Taylor producer used was desighed 


for anthracite coal but has made a remarkable showing on all [ | 
kinds of bituminous coals and lignites. A summary of the 
results of these tests on bituminous coals has been condensed 
from bulletin #290, U.S.delogical and is reproduced in table a 

At the works of Messrs Rowntree & Co., Ltd., of | 
York two 250 hep. gas engines are installed. The average 


calorific value of the bituminous coal used is 12250 B.t.u, 
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per cu.ft. (by analysis). The fuel consumption in the producer 
averaged 1.3 lbs per kilowatt hour (three 12 hr. tests). 

The engines have run continuously for many weeks, from 7.50 
a.m. on Monday until moon Saturday and operate in parallel 
with steam driven units. 

Many other examples of gas engine plants having units 
of about 250 b.h.pn. could be cited, but the above mentioned 
plants will show that there is no doubt of the modern gas 
engine being a reliable machine and that we may with perfect 
confidence select it for our station. 

Having now selected the gas engine as our type of 
prime mover there still remains the question of what particular 
make of engine and producer it will be advisable to install. 


In this work we can make use of a few facts that are pretty 


well established amoung gas engine engineers, 


1. For powers of 200 b.h.p. and over the three 
cylinder vertical single-acting type is rapidly 
becoming obsolete and is giving place to the 
horrizontal, tandem double-acting type. 


2. Where the difference in the price of bituminous 
and anthracite coal is greater than 1.00 per 
ton, producers using bituminous coal have the 


lowerst operating expense. 
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3. For powers larger than 200 h.p. it is advisable 


to use a pressure system with a gas storage tank. 


The Loomis=-Pettebone gas generating system is 

by far the best for use with bituminous coals because it 
removes the tar without the necessity of installing a mechanical 
tar extractor. The U.S.Government tests at St.Louis show that 
producer gas from many bituminous coals contain as high as 300 
lb. of tar per ton of coal consumed so the mechanisal extraction 
of the tar for a plant of this size represents a considerable 
aagital outlay as well as about 20 hp. to drive the extractor 
and as the by-product tar obtained has little commercial value 
its calorific value may be counted against the efficiency of the 
producer, 

| In the Loomis Pettibone down-draft producers all the 
gas and tarry matters distilled fuom the fresh fuel in the 

uper strata of the fire pass down through the deep fuel bed 
where the hot fire "crackes" the tar up into a permanent gas 

and lamp black. The lamp black thus formed does no harm except 
to dirty the scrubber water. | 

) The hot gas leaves the generator at a point below 

the grate and passes into the steam boiler where the gas is 
cooled, giving up its heat to form steam to be used for the 
steam=blast in the producer. From the boiler the gas passes 


to the vottom of the wet scrubber. The wet serubber consists 


eldseivhs ef 2k ae OOS sadt iene srewog 1 8 


wines agstora RBR B aed mesexe ousEeorHy 6 oan 08 


af meseye Satitnanees BSE Ssnodettot-eimeood,: sat 
3k saysood isos eionimutid stiw sass: tot taed egy ssi yd 
fsotnasoom & guiifistent to ysiesecen edd duodtiw set add eevonet 


gedd woke ainod.g2 ga steed gneanveved.2.0 ef? .iotosttze ist 


G08 ee Said as ntstnos elsoo avoninndid yam: soxt son isegbotg 


notiosiéxe {eolastoem edt ox Leouenoo Ls0e to nod tq ted Bo .dL 
eiderehienos s etnsesiges osia afd? Yo dualq s 10 "ed abd to 
sodoaitxe es svivb of .g.i Of tucds.eas ilew es ysidao. Latigeo 
extey Leitotemoo eligi asd benistdo sat toubotqew alt es bos 
eis to yorstoltie sat ganisge betawoo ed yam eulay ofttuelea. edt 
« WWOUDO A 

ede fia eteouboig i taubeswoh enotigseS efsxiood edd at 
eat ai Lest deer? at wort beillgsarb syetian ywret bas ace 
bed fest goob edd sauouwls mwob aseq eitt edd to sieite iwsqu 
Boy SNeacarrsy & otolt qa xed sit "aeafsoers" eit god edd etentw 
dqsoxe atest en B6o0h homrot anid dosld quel eat? wdWosid quel bie 
| Yotaw teddytos end ysIib ot 

woled dntog 8 ts todstiexey od seveel sey tom ad? 
et sex enlt sredw xefiod msete emt ogni soneag has sfets alt 
eg OT Keay od of meesa mot of deen eft giv gpoivig ,belocs 
seneag Reg ons idfled sit mowt .reombo wg. edg¢ of dealdemsets 
etaltango ieddy1.e jow eat .ieddutiee stew add to mottod eft oft 


of a steel cylinder provided with coke charged trays and water 
sprays. From the top of the wet scrubber the gas passes through 
a positive type exhauster which maintains sufficient vacuum to 
create a draught through the fires and pressure enough to deliver 
the gas holder, By this system there is mo danger from leakage 
of poisonious gas at the producer and the rate of gasification 
AS be controled by regulating the speed of the exhausted. The 
gas now passes to the dry scrubber which is cylindrical and cone 
tains two chambers with tray charged with excelsior or shavings. 
thé chambers are so arranged that one may be cleaned while the 
other is in operation. The gas is now clean and passes to the 
gas holders which act as a large thermal reservoir at all times. 

) The makers of the producer guarantee that with the 
producers cold thirty minutes is all that is required to kindle 
and get fires into condition for making gas to the full capacity 
of the plant. If the generators are shut down for six to four 
hours, only ten minutes is required to resume making gas. 

| ' The smallest down-draft producers made by the Bower& 
Mining CO. are 600 b.hepd. capacity so we will install two of 
there units and one can be operated at about full load through- 
out the working day while the other acts as a reserve. For 
ordinary factory use one producer only would be installed but 
I am figuring on the extra producer units to secure a reliability 


of producer plant not equaled by a boiler plant. 
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In my experience the Munzel engine as made by the 
Minneapolis Steel & Machine Co. has a very poor speed regulation 
so we will not consider it here. Refering to table we see the 
Snow engines are not only of the most advanced design but are 
cheaper than the threes oylinder vertical types. There is still 
a question as to which of the Snow engines it is most economical 
to install. 

My calculations show that the twin tandem installation 
will use 58 tons more coal per year than the single tandem but 
the fixed charges, per year, on the single tandem will be about 
$600,00 greater so it will be advesable to install the twin 
tandem as the floor space required is about the same in either 
case. 

Parallel seated quick closing valves are best suited 
to the work as they are self. cleaning and cut-off almost 
instantly in oase of emergency. The engine should exhaust into 
a oaste-iron. header under the floor and then to a concrete well 


outside the building, 
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The following assumptions have been used in this 


investigation. 
Bituminous coal 13500 B.oteue per pound. 


Evaporation 7.9 Heater per lb. coal at and from 212° farh. 


Temperature of feed water 200° farh. 


For 100 pounds steam pressure and fire-tube boilers, 


evaporation factor 1.0523. 


For 150 lbs. steam pressure and water tube boilers, 


evaporation factor 1.0611 


Stand~by losses steam plant 10% of total coal required. 
20 08 gas plant 5% i en 91 00 


Power to drive auxiliaries in percent of total gas or steam 
required; 

Gondensing steam plants 15% 

Non-condensing steam plants 5% 


Producer gas plant 2% 


Water required: 
30 lbs. water to condense one pound of steam. 


200 lbs. water per K.W.H. for gas engine plant. 


Producer efficiency 80% or 1.25 lbs. of coal per b.h.p. hour. 
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Engine efficiency for given load factor, 
Snow single tandem gas engine 13500 B.t.ue/ bebe pe hr. 
Snow twin ty wt erat 14500 *! / °3 mt 


Cost of gas engines #54.00 per K.¥. 
Cost of producers 50.09 per K.W. 


Wages, 
1 chief engineer at 1500 per year. 
1 assist. '' at 1000 et <s 
2 firemen at 760 (/ 88 Uh. 


1 loborer at 600 Cty a? on, 
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